In this paper, Study of temperature dependent dialectical properties of one system ceramics like BNT-BZ. Lead-free BNT-BZ ceramics were successfully prepared using the conventional mixed-oxide method. The samples were sintered for 2 hrs at temperatures lower than 1,000°C. The density of the BNT-BZ samples was at least 95% of the theoretical values. The scanning electron microscopy micrographs showed that small grains were embedded between large grains, causing a relatively wide grain size distribution. The density and grain size increased with increasing Zr concentration. A peak shift in X-ray diffraction patterns as well as the disappearance of several hkl reflections indicated some significant crystal-structure changes in these materials. Preliminary crystal-structure analysis indicated the existence of phase transition from a rhombohedral to an orthorhombic structure. The dielectric and ferroelectric properties were also found to correlate well with the observed phase transition.
Introduction
Piezoelectric materials are commonly used in sensor and actuator technologies due to their unique ability to couple electrical and mechanical displacements that is to change electrical polarization in response to an applied mechanical stress or mechanically strain in response to an applied electric field. The most widely used piezoelectric ceramic is lead zirconate titanate [PZT] . Lead-based PbTiO 3 -PbZrO 3 solid solutions have dominated the market of actuator and sensor materials due to their excellent ferroelectric and piezoelectric properties. In particular, a compositional ratio of Zr/Ti of around 52/48 showed the morphotropic phase boundary between a tetragonal and a rhombohedral phase, where enhanced polarizability and optimum domain orientation were observed. However, PbO loss during hightemperature processes is considered to be environmental pollution with additional problems of recycling and waste disposal and critical disadvantage of PZT is that it contains more than 60 percent lead (Pb) by weight. Therefore, researchers have attempted to develop new lead-free smart materials in order to replace the lead-based ones. BT is one example of the most commonly used lead-free material for capacitors and actuators due to its inherent ferroelectric nature. However, its main disadvantage is the narrow working temperature; therefore, the use of a BT-BZ solid solution with the addition of Zr up to 30% mole was investigated. The materials were found to exhibit a composition-induced phase transition from normal to relaxor ferroelectric with a higher dielectric constant than both PZT and BT. This allowed the materials to be used over a broader temperature range. Following these studies, this paper was aimed to study BNT-BZ solid solutions with the addition of a Zr concentration from 0.20, 0.35, 0.40, 0.45, 0.60, and 0.80 mole fractions. The relationship between the phase, crystal structure, and electrical properties is investigated and discussed.
Experimental Methods
BNT-BZ compositions were prepared using the mixed-oxide method. The calcined BNT-BZ powders were then ball milled again for 6 h and uniaxially pressed at a pressure of 5.5 MPa with a few drops of 3 wt.% polyvinyl alcohol to bind it into disks of 10-mm diameter and 1-to 1.5-mm thickness. The disks were the sintered at 900°C for 2 hrs, except for the sample with 0.20 mole fraction Zr which was sintered at 950°C for 2 hrs, in air. The preliminary crystal structure details were calculated using the Powder Cell program, which is based on the X-ray diffraction pattern of lead-free BNT-BZ ceramics. The bulk densities of the sintered ceramics were measured using Archimedes' method. The theoretical density was approximated from the unit cell size and its constituent ions. Scanning electron microscopy [SEM] was used to observe the microstructure of the ceramics. To prepare the SEM samples, they were well-polished and thermally etched for 15 min at 750°C. The average grain size was then evaluated from these SEM images. Results and discussion X-ray diffraction patterns of BNT are shown in Figure 1 . The NT-BZ phase could be matched with pure BNT for the rhombohedral space group R3c. With the presence of Zr, all reflection peaks systematically shifted to angles lower than 2θ. Accompanying the shift, intensities of some diffraction peaks such as (012) and (202) were reduced, indicating that lattice distortion alongside unit cell expansion has occurred. The refinement of the X-ray diffraction patterns was carried out. The increase in the value of the interaxial angle caused the structure to be close to cubic, which resulted in the disappearance of certain reflections. For Zr = 0.8, Figures 1  and 2 showed an apparent splitting of the (104) and (300) peaks in the original rhombohedral structure. This finding was rather in partial agreement with the orthorhombic structure previously obtained for BNT-BZ. Hence, for this BNT-BZ solid solution ceramic system, the structure changed from rhombohedral to orthorhombic when the Zr concentration exceeded 0.6 mole fraction. The exact phasetransition composition is currently being investigated. All BNT-BZ ceramics had experimental density values in the range of 5.8 to 6.1 g/cm3 as shown in Table 1 which corresponded to the relative densities of around 95% of the theoretical densities. For the 0.20 mole fraction of Zr, the sample was sintered at 950°C for 2 h due to the influence of a high Ti concentration. As the amount of Zr increased, the sintering temperature could be lowered to 900°C. This seemed to be a typical behavior of solid solutions whose melting points might be lowered by adding Zr as a deducted form of the lattice expansion. The difference in sintering behavior could also be observed from the microstructure of BNT-BZ ceramics; all samples were dense with welldefined grains. The ceramic containing Zr = 0.2 possessed an average grain size of about 0.8 μm, whereas the presence of Zr ions generally caused the grain size to increase. The enhanced ability for ionic diffusion in BNT-BZ ceramics seemed to support the possible lowering of the melting point of these solid solutions. In general, increasing Zr concentration in BNT-BZ ceramics caused a gradual drop off in dielectric constant with a slight drop off in dielectric loss. This behavior was in agreement with other systems with isovalent additives. In addition, the replacement of larger Zr ions may also cause the dipoles to be poorly induced due to limited ionic movement. This decreasing trend was observed through the sample with a composition of Zr = 0.8, whose structure was orthorhombic. It seemed that the effect of ionic size and limited ionic movement in the perovskite structure of this compound had a greater influence on the dielectric properties than the change in the crystal structure in their unit-all dimensions. Figure 4 illustrates the breakdown field strengths of BNT-BZ ceramics, respectively. The hysteresis loops were obtained at the maximum applied electric field of 20 kV/cm and a frequency of 50 Hz. Limited domain reorientation might also be the cause of poor hysteresis loops for these compositions. For samples with Zr = 0.6 and 0.8, the loops showed higher values of remnant polarization though they were still unsaturated. This seemed to show the approximate transition point between the rhombohedral and orthorhombic structures. This was supported by an increase in the breakdown field strength for the Zr = 0.8 composition, which was partly due to the effect of a different crystal structure in this series of materials. Hence, this study showed that the observed dielectric and ferroelectric properties of BNT-BZ ceramics largely depended on compositional and crystal structure changes. Optimization of these properties could be achieved by fine-tuning the composition for specific applications. 
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Conclusions
This study showed that electrical properties of BNT-BZ ceramics could be further improved by fine-tuning their composition for certain applications. The BNT ceramic pellets were sintered at 1100 °C for two different times. The scanning electron micrographs of the sintered pellet showed well developed rectangular grains and the increased density of the pellet with the increase in the sintering time. The temperature dependent dielectric study showed that two types of phase transitions occurred in both samples. The dielectric analysis also showed that the transition temperature increases with frequency, thus confirming a diffuse phase transition behavior. 
